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100 K; mean o-(C-C) = 0.008 A; 
0.055: wR factor = 0.131; data-to- 




PFe 2Br 



Experimental 

Crystal data 

[Ru(C3lH32N3P2)(CioH8N2)2]- 

(PF6)(Br)2.2CH2Cl2-H20 
M, = 1414.63 
Monoclinic, Fl^/n 
a = 16.1770 (4) A 
b = 20.9840 (5) A 
c = 16.6730 (4) A 

Data collection 

Agilent Xcalibur (Eos, Gemini 
ultra) diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 
r„i„ = 0.964, r„„„ = 1.0 



P = 96.654 (2)° 
V = 5621.7 (2) A^ 
Z = 4 

Mo Ka radiation 
/X = 2.04 mm"' 
T = 100 K 

0.18 X 0.05 X 0.04 mm 



44290 measured reflections 
10285 independent reflections 
7429 reflections with / > 2o-(/) 
Km, = 0.079 



In the cation of the title complex, [Ru(C3iH32N3P2)- 
(CioH8N2)2](PF6)(Br)2-2CH2Cl2-H20, the ruthenium ion is 
coordinated in a distorted octahedral geometry by two 2,2'- 
bipyridine (bpy) ligands and a chelating cationic A^-diphenyl- 
phosphino-l,3,4,6,7,8-hexahydro-2-pyrimido[l,2-fl]pyrimidine 
[(PPh2)2-hpp] ligand. The tricationic charge of the complex is 
balanced by two bromide and one hexafluoridophosphate 
counter-anions. The compound crystallized with two mol- 
ecules of dichloromethane (one of which is equally disordered 
about a CI atom) and a water molecule. In the crystal, one of 
the Br anions bridges two water molecules via O— H- ■ Br 
hydrogen bonds, forming a centrosymmetric diamond-shaped 
Rt{S) motif. The cation and anions and the solvent molecules 
are linked via C-H- ■ F, C-H- ■ Br, C-H- ■ CI and C- 
H- • -O hydrogen bonds, forming a three-dimensional network. 

Related literature 

For the synthesis of the precursor, [Ru(bpy)2(Ph2PH)2](PF6)2, 
see: Sullivan et al. (1978). 



Refinement 

R[F^ > 2a(F^)] = 0.055 
wR{F^) = 0.131 
S = 1.04 

10285 reflections 
718 parameters 
3 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„ax = 1.72 e A"' 

Ap„i„ = -1.69 e A"' 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


Ol-HM-Brl' 


0.99 (5) 


2.31 (5) 


3.300 (5) 


173 (3) 


Ol-HIB-Brl" 


1.00 (4) 


2.35 (4) 


3.345 (5) 


178 (6) 


C4-H4/1- ■ ■Br2"' 


0.99 


2.90 


3.651 (5) 


133 


C6-H6/1-C17 


0.99 


2.82 


3.738 (8) 


155 


C6-H6B- ■ Ol'" 


0.99 


2.52 


3.358 (8) 


142 


C9-H9-01" 


0.95 


2.40 


3.208 (8) 


142 


CIO-HIO- ■ CIS" 


0.95 


2.72 


3.316 (8) 


122 


ClOO-HlOyl- ■ Brl™ 


0.99 


2.92 


3.618 (11) 


128 


C106-H10C- ■ CU 


0.99 


2.65 


3.54 (2) 


150 


C106-H10D- ■ Ol" 


0.99 


2.51 


3.464 (16) 


162 


C11-H11---F3™ 


0.95 


2.35 


3.209 (7) 


150 


C17-H17- ■ -FS'" 


0.95 


2.25 


3.056 (6) 


142 


C21-H21-Brr"' 


0.95 


2.91 


3.787 (5) 


154 


C24-H24- ■ Brr'" 


0.95 


2.91 


3.835 (5) 


164 


C25-H25- ■ ■F4"' 


0.95 


2.54 


3.453 (6) 


160 


CSl-HSl-CB" 


0.95 


2.76 


3.566 (7) 


143 


C42-H42- ■ -FS'" 


0.95 


2.41 


3.319 (7) 


160 


Symmetry codes: (i) 
-x + i,y-i,-z + l\ (iv) 
—X, —y + l,—z + 2; (vii) x 


-X + iy + J, 
-x + l,-v 
- i, -V + i, 2 4 


-z + i; 
+ l,-z + 
^; (viii) X 


(ii) x + ^,-y 
1; (v) X- 
y.z + l; (ix) x 


+ l,z-^; (iii) 
l,y,z + 1; (vi) 
4- 1, -y -f |, z + 1; 



(x) -x+ 1, 



-l,-z + 2. 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SIR92 (Altomare et al, 1994); program(s) used to 
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refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
PLATON (Spek, 2009); software used to prepare material for 
publication: WinGX publication routines (Farrugia, 2012). 
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References 

Agilent (2012). CrysAlis PRO. Agilent Technologies Ltd, Yarnton, England. 
Altomare, A., Cascarano, G., Giacovazzo, C., Guagliardi, A., Burla, M. C, 

Polidori, G. & Camalli, M. (1994). J. Appl. Cryst. 27, 435. 
Farrugia, L. J. (2012). ,/. Appl. Cryst. 45, 849-854. 
Sheldriclf, G. M. (2008). Acta Cryst A64, 112-122. 
Spek, A. L. (2009). Acta Cryst D65, 148-155. 

Sullivan, B. P., Salmon, D. J. & Meyer, T. J. (1978). Inorg. Chem. 17, 3334-3341. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference; SU2644). 



Acta Cryst (2013). E69, m640-m641 



Shangeta/. • [Ru(C3iH32N3P2)(CioH8N2)2](PF6)(Br)2-2CH2Cl2-H20 m641 



supplementary materials 



supplementary materials 

Acta Cryst. (2013). E69, m640-m641 [doi:10.1107/S1600536813029462] 

Bis(2,2 '-bipyridine) [1 ,9-bis(diphenylphosphanyl)-1 ,2,3,4,6,7,8,9-octahydro- 
pyrimido[1 pyrimidin-5-ium] ruthenium(l I) hexaf luoridophosphate 
dibromide dichloromethane disolvate monohydrate 

Congcong Shang, Laure Vendler, Pierre Sutra and Alain Igau 

1 . Comment 

In our efforts to fimctionnalize bisphosphino bisbipyridine ruthenium complexes we investigated the reaction of 1,2-di- 
bromoethane with [Ru(bpy)2(PHPh2)]^^ in the presence of a base in order to form the ruthenium complex incorporating a 
chelating diphenylphosphino ethane Ugand. This compound was previously obtained by (Sullivan et al, 1978) through 
coordination of the corresponding diphenylphosphino ethane (dppe) on the [Ru(bpy)2Cl2]^^ complex with a silver salt as a 
choride abstractor. The addition of an excess of BrCH2CH2Br into an acetonitrile solution of the precursor complex 
[Ru(bpy)2(PH/?2)]^^ in the presence of 4 equivalents of l,3,4,6,7,8-hexahydro-2-pyrimido[l,2-a]pyrimidine (H-hpp) gave 
the title compoimd as the major component. 

In the cation of the title compoimd, Fig. 1, the ruthenium ion is coordmated in a distorted octahedral geometry to two 
2,2'-bipyridine (bpy) ligands and a chelating cationic A/^-diphenylphosphino-1, 3,4,6,7, 8-hexahydro-2-pyrimido[l,2- 
a]pyrimidine [(PPh2)2-hpp] ligand. The tricationic charge of the complex is balanced by two bromide and one hexafluoro- 
phosphate counter anions. The compound crystallized as a dichloromethane disolvate and monohydrate. 

In the crystal, one Br anion bridges two water molecules via 0-H---Br hydrogen bonds forming a centro symmetric 
diamond shaped R''2(8) motif (Table 1). The cation and anions and the solvent molecules are linked via C-H—F, C-H—Br, 
C-H— CI and C-H— O hydrogen bonds forming a three-dimensional structure (Table 1). 

Instead of the expected msertion of the ethane fragment as a imit bridging the two coordinated diphenylphosphino 
ligands, we observed the formal insertion of a guanidinate fragment linking the two phosphorus atoms. This resulting 
complex was characterized in ^'P NMR by a sharp singlet at 118.1 p.p.m. associated to the functionalized Ph2P — group. 
The analysis of the crude mixture by 'H NMR revealed the formation of bromoethylene in the course of the reaction. The 
formation of this by-product implies a dehydrobromation of the initial dibromoethane reagent and the release of HBr 
probably trapped by an H-hpp molecule to form the corresponding guanidinium bromide. The latter guanidinium may act 
as a potential reagent in the formation of the title complex. The complete imderstandmg of the particular reactivity of the 
[Ru(bpy)2(PH/?2)]^^ complex with dibromoethane and H-hpp requires fiirther studies that are currently under progress. 

2. Experimental 

All manipulations were carried out in dry solvents and under dry argon atmosphere. The precursor complex 
[Ru(bpy)2(Ph2PH)2](PF6)2 was prepared according to a previously described procedure (Sullivan et al, 1978). 1,3,4,6,7,8- 
Hexahydro-27f-pyrimido[l,2-a]pyrimidine (H-hpp) (Sigma- Aldrich) was used without further purification. This 
precursor complex [Ru(bpy)2(Ph2PH)2](PF6)2 (50 mg, 0.046 mmol) was dissolved m acetonitrile (3 ml) and transferred 
onto 4 equivalents of H-hpp (26 mg, 0.18 mmol) using a standard Schlenk-line and cannula techniques imder a dry argon 
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atmosphere. After further addition of a ten-fold excess of BrCH2CH2Br (40 jiL, 0.46 mmol) under argon, the reaction 
mixture was stirred for 30 min at room temperature. Addition of the crude mixture to 50 ml of Et20 induced precipitation 
of a light yellow/orange solid which was isolated by filtration and dried under vacuum. Dissolution of 15 mg of this solid 
in 0.5 ml of dry CH2CI2 followed by careful addition of 3 ml of diethylether as a non-solvent afforded, after 3 days at 
room temperature, yellow needle-like crystals of the title compound, suitable for X-ray diffraction analysis. 

3. Refinement 

The water H atoms were located in a difference Fourier map and freely refmed. The C-bound H atoms were positioned 
geometrically (C — H = 0.95 - 1.00 A) and refmed as riding on their parent atoms, with Uiso(H) = 1.2Ueq(C). One of the di- 
chloromethane molecules is disordered about a CI atom, viz. atom C13 (occupancy 0.5). 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CrysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SIR92 (Altomare et al, 1994); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009); software used to prepare material 
for publication: fF/«GX publication routines (Farrugia, 2012). 



C5 




C15 



Figure 1 

The molecule structure of the title cation, with the atom labelling. The displacement ellipsoids are drawn at the 50% 
probability level. The H atoms and the anions and solvent molecules of crystallization have been omitted for clarity. 



Acta Cryst. (2013). E69, m640-m641 



sup-2 



supplementary materials 



Bis(2,2'-bipyridine)[1,9-bis(diphenylphosphanyl)-1,2,3,4,6r7r8/9-octahydropyrimido[1,2-a]pyrimidin-5- 
ium]ruthenium(ll) hexafluoridophosphate dibromide dichloromethane disolvate monohydrate 



Crystal data 

[Ru(C3lH32N3P2)(C,oH8N2)2] 

(PF6)Br2-2CH2Cl2H20 
1414.63 
Monoclinic, P2i/n 
Hall symbol: -P 2yn 
a = 16.1770 (4) A 
i = 20.9840 (5) A 
c= 16.6730(4) A 

= 96.654 (2)° 
K= 5621.7 (2) A3 

Data collection 

Agilent Xcalibur (Eos, Gemini ultra) 

difiractometer 
Graphite monochromator 
Detector resolution: 16.1978 pixels mm ' 
CO scans 

Absorption correction: multi-scan 

{CrysAlis PRO; Agilent, 2012) 
7U = 0.964, 7;^= 1.0 

Refinement 

Refinement on P- 
Least-squares matrix: full 
R[P > 2o-(i^)] = 0.055 
wi?(i^) = 0.131 
S= 1.04 

10285 reflections 
718 parameters 
3 restraints 

Primary atom site location: structure-invariant 
direct methods 



Z=4 

F(000) = 2840 

£)x= 1.671 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 6399 reflections 

61 = 2.9-29.3° 

// = 2.04 mm-i 

T= 100 K 

Needle, yellow 

0.18 X 0.05 X 0.04 mm 



44290 measured reflections 
10285 independent reflections 
7429 reflections with 7 > 2a(I) 
Rm = 0.079 

^max 25.4 , ^min 3.1 



A = -19^19 
/c= -25^25 
/ = -20^20 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms freated by a mixture of independent 

and constrained refinement 
w = l/[o^(7^o') + iOM35Py + 24.738^] 

where P = (Fo^ + 2F,^y3 
(A/<t)„^ = 0.003 
Ay9„^= 1.72eA-3 
ApmM = -1.69e A 3 



Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are 
estimated from the variances of the (full) variance-covariance mafrix. The cell esds are taken into account in the 

estimation of distances, angles and torsion angles 

Refinement. Refinement of against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > (j(F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on 7^ 
are statistically about twice as large as those based on F, and 7?- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X y z U\so*/Uixi Occ. (<1) 

Rul 0.16075(2) 0.18750(2) 1.06626(2) 0.0086(1) 

PI 0.22497 (8) 0.28461 (7) 1.07860 (8) 0.0112 (4) 

P2 0.13101 (8) 0.20991 (6) 0.93213 (8) 0.0087(4) 
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A A1 1 

U.Ull 


3) 


A A1 /I 

0.014 


fi\ 

^i) 


A AA/i /'0^ 

-O.OOo (2J 


A AA1 /'0^ 

0.001 (/) 


A AA1 /o^ 
—0.001 (Z) 


Czo 


A A1 A 

0.014 


^3) 


A A 1 O 

O.Olz 


^3) 


A A 1 /I 

U.014 


^3) 


A AAC /0\ 

—0.005 (/) 


A AA1 /'0\ 

—0.001 (2) 


A AA 1 /0\ 

—0.001 (/j 


Czy 


A A1 iC 

O.Olo 


^3J 


A A 1 T 
0.01 / 


^3) 


A A 1 T 
0.01 / 


^3) 


A AA'5 /0\ 

—0.003 (/) 


A AA/1 /0\ 

—0.004 (Z) 


A AA1 /0\ 
0.001 (2) 


CoU 


A A1 ^ 


^3 ) 


A AOA 

U.UzU 


^3 J 


A ATA 
U.UoU 


) 


A AA/; 
U.UUO {j ) 


A AAO /"2^ 

U.UU/ (^0 J 


A AAC /TA 
U.UUo (^O J 


Col 


A A1 /; 
O.Olo 


^3 ) 


A A1 A 

u.uiy 


^3 J 


A AlO 

o.o3y 


^A\ 


—0.004 (3 ) 


A AAO 

—0.00/ (3J 


A A A/; /'2^ 
-O.OOo (3) 


Cjz 


A A1 


^3j 


A A 1 ^ 
U.Ul / 


^3) 


A AO/; 
0.0/0 


^3 j 


A AA/1 /'2\ 

— U.UU4 (oj 


A A 1 1 

—U.Ull (i) 


A AA1 /■2\ 
0.001 (3) 


Co J 


A AO< 

O.Ozj 


^3) 


A A1 ^ 

O.Olo 


^3) 


A Al O 
0.01/ 


/'2\ 

^3 J 


A AA'? i1\ 

—0.00/ (j) 


A AAO /0\ 

—O.UU/ (/J 


A AAl /0\ 

—0.001 (2; 


C34 


A A^ £^ 

0.026 


,3) 


A A 1 1 

0.011 


3) 


A A 1 A 

0.010 


k3) 


A AA1 /0\ 

0.001 (2) 


A AAO /0\ 

—0.003 (2) 


A AAO /0\ 

0.002 (2) 


Co J 


O.OoO 


^0 ) 


A A1 ^ 

O.Olo 




A A1 T 
0.01 / 


^3J 


A AAO 

—O.OOz (j) 


A AA/1 

0.004 (Z) 


A AAT /'0^ 

U.UU3 (2J 


Coo 


IJ.U4U 


^4j 


A AO /I 

U.U/4 


K-' ) 


A A 1 /; 

U.Ulo 




A AAO 

0.00/ (3J 


A A1 1 
0.011 (3j 


A AA 1 

—U.UUI (i) 


Co / 


0.U44 


/A\ 

^4J 


A AO 1 
0.0/1 


^3 J 


A A 1 ^ 

O.Olo 


^3 j 


A AA/1 

0.004 (^3) 


A AAA /'2^ 

0.000 (3 ) 


A AAO /'2\ 

— U.002 (^3) 


Coo 


O.Ooo 


^4) 


A A1 

O.Olo 


^3) 


A AOA 

O.OzO 


/'2\ 

^3) 


A AA1 

0.001 (3) 


A AAO /'^\ 

—O.OOo (3) 


A AAA 

0.000 (3) 


cjy 


0.0/4 




A A 1 O 

O.Olo 


^3) 


A A 1 1 
U.Oi 1 


3j 


A AAC /'}\ 

—O.OOo (3) 


A AAT /0\ 

—0.003 (/) 


A AAO /0\ 

0.002 (2) 


C4(J 


A A 1 'J 

O.Olo 


^3) 


A A 1 O 
0.01/ 


J) 


A AAA 

o.ooy 


(3) 


A AAT /0\ 

—0.003 (/) 


A AAO /0\ 

0.00/ (2j 


A AA 1 /0\ 

—0.001 (2) 


C41 


A A 1 A 
0.010 


^3) 


A A 1 O 

O.Olo 


^3) 


A A 1 A 
0.010 


^3) 


A AAA /0\ 

0.000 (2) 


A AAO /0\ 

0.002 (2) 


A AAO /OA 

0.002 (Z) 


C4z 


A A1 A 
0.010 


J) 


A A1 O 

O.Olz 


^3J 


A AO 1 

O.Ozl 


[3) 


A AAO /0\ 

0.002 (2) 


A AA/C /0\ 

O.OOo (2) 


A AAA /0\ 

0.000 (Z) 


C4o 


A AOiC 
0.0/0 


\ 

^i) 


A A 1 ^ 

O.Olo 


^3) 


A A 1 C 

O.Olo 




A AAA /"JA 

0.000 (3) 


A AAC /0\ 

0.005 (2) 


A AAC /0\ 

—O.OOo (2) 


r^A A 
C44 


A AO< 
0.0/j 




A AO 1 
0.0/1 


^3j 


A A 1 A 
0.010 


^3 J 


A AA'l 

—0.003 (3j 


A AAQ /0\ 

—0.003 (2; 


A AAO /o^ 
—0.002 i^Z) 


C4d 


A A 1 C 

O.Olo 


.3) 


A A 1 T 

0.013 


^3) 


A A1 C 

O.Olo 




A AA1 /o^ 

0.001 (2) 


A AAA /0\ 
0.000 (2) 


A AA1 /0\ 

0.001 (2) 


C4o 


A A 1 A 
0.010 




A A 1 /I 

0.014 


^3) 


A AAO 

U.OUo 


^i) 


A AA1 /0\ 

0.003 (2) 


A AA'3 /0\ 

—0.003 (Z) 


A AA/; /o\ 
—O.OOo (Z) 


047 


0.011 


(3) 


0.017 


(3) 


0.015 


(3) 


-0.004 (2) 


-0.002 (2) 


0.000 (2) 


048 


0.022 


(3) 


0.015 


(3) 


0.014 


(3) 


0.004 (3) 


0.001 (2) 


0.005 (2) 


049 


0.007 


(3) 


0.027 


(3) 


0.023 


(3) 


0.005 (3) 


0.000 (2) 


0.001 (3) 


O50 


0.018 


(3) 


0.021 


(3) 


0.018 


(3) 


-0.003 (3) 


0.002 (2) 


-0.003 (3) 


051 


0.019 


(3) 


0.012 


(3) 


0.013 


(3) 


-0.002 (2) 


0.002 (2) 


0.002 (2) 
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v.VLyj (o) 


A A1 m (Q\ A A1 /^O /'0^ 

U.UlVz (6) U.UloV ((5J 


A AA^ 1 i'n\ 
— U.UUjI (/) 


A AAT A 

0.0034 (o) 


A AA 1 A ^^^\ 

0.0010 (o) 


r 1 U.04y (3) 


A f\An A Ayll f1\ 

U.U4/ (3) U.043 (3) 


A A 1 T /0\ 

O.Ul / (z) 


A AA1 /0\ 

— O.OOz (z) 


A AOI /0\ 

— 0,0z3 (z) 


tZ O.U3o (z) 


0.U43 (zj U.U4o (3) 


— O.OOO (ly) 


A AAiCI /I A\ 

o.ood3 (ly) 


A A1 T /"OX 

0.01 / (z) 




u.Uzoz (ly) u.Uzzy (lyj 


A AA1 A ^^ 
U.UU14 (lo) 


A AAA/; ^^ ^\ 
O.OOOo (1 j) 


A AA1 1 /! /C\ 

—0.0011 (lo) 


"CA A ATT /0\ 


A AT/I A A'2A ('^\ 

U.U34 (z) U.U3y (z) 


U.UU /o (lo) 


A AA/1 Z n\ 

0.004j (i /) 


— 0.00o3 (lo) 


r J U.U34 (^zj 


U.U4y (z) U.U33 (zJ 


A A1 TO ^^ c\\ 

— u.ui /y (ly) 


A AA^ A /I n\ 

O.OOjO (1 /) 


A A 1 A 1 1 0\ 

0.0101 (ly) 


ro 0.03z (z) 


A A/l-l /'>\ A An /1\ 

U.U43 (z) U.Uz / (z) 


A AAA/C /I 0\ 

— o.ooyo (lo) 


A AATA /I £i\ 

— 0.00/y (lo) 


A AACC /"I 0\ 

O.OOjj (lo) 


A Al^ 

C13 U.(J3o (zj 


A A/1/1 A A/;'? 

(J.U44 (z) U.Uo/ (3j 


A AAO/1 /I n\ 
U.UUZ4 (1 /) 


o.oiy3 (ly) 


A A 1 /I 

U.014 (z ) 


C14 (J. (Jo / 1 (13) 


AA^^l AAIIA/'I A\ 

U.UjoI (13) U.U31U(1U) 


A A 1 nf\ /1 1 ^ 
—0.01 /O (11) 


A A 1 AO /'0^ 

O.OlOo (y) 


A A A 1 1 iCi\ 

—0.0011 (y) 


/"^IT A AOA 

CI/ u.Ozy (z) 


A A1 A /TX A 1 /I 1 /C\ 

0.(J3y (z) U.141 (D) 


A AAOA /I 0\ 

— o.oozy (i5) 


A A 1 1 /0\ 

—0.013 (z) 


A AOA 

o.ozy (3) 


CIUj 0.U4/ (11) 


(\ \ C /'*>\ A A'3 0 /'I A\ 

U.lo(z) U.03o (lU) 


—0.004 (13) 


A A1 n /Q\ 
0.01 / (o) 


A A1 1 

— O.Ozl (13) 


1 A/C A AT7 /'0\ 

ClUo U.Uz / (5) 


A Aoo (cw A 1 /I c 
U.Uzo (9) U.143 (ly) 


—0.014 (/) 


A AA/T /I A\ 

O.OOo (10) 


A A1 O /I A\ 

0.03z (10) 


V_-ll V.lZo ) 




0 0^70 n 9.\ 

xf.yJO l\j \ i^O ) 




VJ.UJ 1 t^J)^ 


C12 0.103 (2) 


0.0839 (18) 0.0588 (15) 


-0.0530(16) 


0.0399 (14) 


-0.0097 (13) 


ClOO 0.159(12) 


0.057 (6) 0.087 (8) 


-0.038 (7) 


0.083 (8) 


-0.014 (6) 


Brl 0.0423 (4) 


0.0485 (5) 0.0337 (4) 


0.0147 (4) 


-0.0046 (3) 


-0.0042 (4) 


Br2 0.0248 (3) 


0.0341 (4) 0.0367 (4) 


-0.0028 (3) 


0.0085 (3) 


-0.0162 (3) 


01 0.065 (4) 


0.025 (3) 0.036 (3) 


-0.009 (2) 


0.010 (3) 


-0.001 (2) 


Geometric parameters (A, °) 


Rul— PI 


2.2857 (15) 


C35— C36 




1.396 (8) 


Rul— P2 


2.2813 (14) 


C36— C37 




1.392 (9) 


Rul— Nl 


2.147(4) 


C37— C38 




1.383 (9) 


Rul— N2 


2.089 (5) 


C38— C39 




1.378 (8) 


Rul— N3 


2.150(5) 


C40— C41 




1.392 (7) 


Rul— N4 


2.100(4) 


C40— C45 




1.404 (7) 


C13— C106 


1.793 (16) 


C41— C42 




1.384 (8) 


C14— C106 


1.899(15) 


C42— C43 




1.382 (7) 


C14— C105 


1.85 (2) 


C43— C44 




1.389 (9) 


C17— C105 


1.78(2) 


C44— C45 




1.382 (8) 


CU— ClOO 


1.735 (13) 


C46— C47 




1.394 (7) 


C12— ClOO 


1.755 (11) 


C46— C51 




1.402 (7) 


PI— C28 


1.820 (5) 


C47— C48 




1.396 (7) 


PI— C34 


1.829 (6) 


C48— C49 




1.373 (8) 


PI— N6 


1.772 (5) 


C49— C50 




1.390 (9) 


P2— C46 


1.829 (5) 


C50— C51 




1.382 (7) 


P2— N5 


1.766 (5) 


C2— H2B 




0.9900 


P2— C40 


1.828 (5) 


C2— H2A 




0.9900 


P4— F4 


1.601 (4) 


C3— H3B 




0.9900 


P4— F5 


1.608(4) 


C3— H3A 




0.9900 


P4— F6 


1.602(4) 


C4— H4A 




0.9900 


P4— F3 


1.607(4) 


C4— H4B 




0.9900 


P4— F2 


1.594 (4) 


C5— H5B 




0.9900 


P4— Fl 


1.583 (4) 


C5— H5A 




0.9900 


Nl— C17 


1.345 (6) 


C6— H6A 




0.9900 


Nl— C13 


1.355 (6) 


C6— H6B 




0.9900 


N2— C8 


1.358 (7) 


C7— H7A 




0.9900 


N2— C12 


1.363 (7) 


C7— H7B 




0.9900 


N3— C18 


1.352 (7) 


C8— H8 




0.9500 
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No — Czz 


1 'j/CT /'n\ 
Uo/ (/) 


N4 — C23 


1.355 (7) 


Jn4 — C27 


1.352 (7) 


N5 — C.2 


1.490 (7) 


N5 — CI 


1.375 (6) 


No — C7 


1.495 (6) 


No — CI 


1.365 (7) 


XT'? 1 

N7 — CI 


1.318 (6) 


N / — C4 


1.4oz (/) 


N7 — C5 


1.485 (6) 


^1 TT1 A 

Ul — HIA 


0,99 (5) 


Ul — HIB 


1.00 (4) 


C2 — C3 


1 CIO /'C>\ 

1.512 (6j 


C3 — C4 


1.522 (9) 


C5 — C6 


1.524 (7) 


Co — C7 


1.508 (8) 


Co — cy 


1.3/1 {a) 


C9 — CIO 


1.383 (9) 


CIO — Cll 


1.384 (9) 


/"^ 1 1 Z"' 1 ^ 

Cll — C12 


1.382 (8) 


Clz — C13 


1.4/1 (9J 


C13 — C14 


1.391 (8) 


C14 — C15 


1.378 (9) 


C15 — Clo 


1.383 (7) 


Clo — CI / 


1 '2 0'7 

1.38/ (OJ 


C18 — C19 


1.386 (8) 


C19 — C20 


1.385 (8) 


CzU — Cz 1 


1.383 (7) 


Czl — Czz 


1.393 (8) 


C22 — C23 


1.478 (7) 


C23 — C24 


1 OA A /TX 

1.390 (7) 


Cz4 — Cz5 


1.389 (8) 


Cz3 — Czo 


1 "3 01 /0\ 

1.381 (8J 


C26 — C27 


1.382 (7) 


C28 — C29 


1.394 (7) 


C28 — C33 


1.416 (8) 


C29— C30 


1.397 (7) 


€30— C31 


1.382 (9) 


C31 — C32 


1.386 (9) 


Ciz — CJj 


1.3 /z (8) 


€34— €35 


1.385 (8) 


€34— €39 


1.397 (9) 


PI— Rul— P2 


86.93 (5) 


PI— Rul— Nl 


174.37 (1 



PI— Rul— N2 98.52 (12) 

PI— Rul— N3 98.45 (12) 

PI— Rul— N4 89.92 (12) 

P2— Rul— Nl 97.07 (10) 



€9 — H9 


0.9500 


€10 — ^HIO 


0.9500 


€11 — HU 


0.9500 


€14 — ^H14 


0.9500 


€15 — H15 


0.9500 


€16 — H16 


0.9500 


€17 — ^H17 


0.9500 


€18 — H18 


0.9500 


/- 1 1 f\ T T 1 A 

C19 — H19 


0.9500 


€20 — H20 


0.9500 


€21 — ^H21 


0.9500 


€24 — H24 


0.9500 


€25 — H25 


0.9500 


€26 — H26 


0.9500 


€27 — H27 


0.9500 


€29 — H29 


0.9500 


€30 — H30 


0.9500 


1 XT'* 1 

€31 — ^H31 


0.9500 


€32 — H32 


0.9500 


€33 — H33 


0.9500 


€35 — H35 


A A^AA 

0.9500 


€36 — ^H36 


0.9500 


€37 — H37 


0.9500 


€38 — ^H38 


0.9500 


/"^OA TTOA 

€39 — H39 


A A^AA 

0.9500 


€41 — H41 


0.9500 


/~1 /I O T T /I O 

€42 — H42 


0.9500 


€43 — H43 


0.9500 


A A IT A A 

€44 — H44 


A ACAA 

0.9500 


€45 — H45 


0.9500 


€47 — ^H47 


0.9500 


AO TT A O 

€48 — ^H48 


A A^AA 

0.9500 


/~1 >1 A TT/( A 

€49 — ^H49 


A AjTAA 

0.9500 


€50 — H50 


0.9500 


€51 — H51 


0.9500 


€105— H998 


0.9600 


€105— H999 


0.9600 


€106— HIOD 


0.9900 


€106— HIOC 


0.9900 


€100— HlOB 


0.9900 


€100— HlOA 


0.9900 



C47— €46— €51 118.5 (5) 

P2— €46— €47 126.2 (4) 

€46— €47— €48 119.9(5) 

C47— €48— €49 120.9 (6) 

C48— €49— €50 119.8(5) 

€49— €50— €51 119.7(5) 
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rz — Rul — Nz 


89.82 (14) 


P2 — Rul — Ni 


173.86 (12) 


rz — ^Rul — ^N4 


99.68 (14) 


Nl — Rul — N2 


77.60 (15) 


XT1 T>,, 1 XT'? 

Nl — Rul — JNi 


no /I c\ 

77.78 (15) 


XT 1 F> , . 1 XT /I 

Nl — Rul — N4 


AT T A /I C\ 

93.30 (15) 


XT^ T>,,1 XTT 

N2 — Rul — N3 


92.28 (19) 


XT1 T~> . . 1 XTyl 

Nz — Rul — N4 


167.64 (18) 


XT'} T>,.1 XT/1 

N J — Rul — N4 


nn AO ^ A (W 
1 /.45 (IV) 


C 1 05 — C14 — C 1 06 


1 TO 1 /A\ 

172.2 (9) 


Rul — rl — Czo 


11/1/1 /'^X 

114.4 (2) 


Rul — PI — C34 


1 O 1 c 

121.5 (2) 


JNo — rl — Cz6 


106.0 (2) 


No — PI — L34 


1 AA O /'^X 

100.8 (2) 


C26 — PI — C34 


AA C 

99.5 (3) 


T") , , 1 T> 1 XTzT 

Rul — r 1 — No 


llz.5o (16) 


rj,^i m XTC 

Rul — rz — Nj 


111 £.A /I 

113.64 (1 /) 


Rul — rz — L4o 


11/1 '5 1 /I '7\ 

114.31 (17) 


N5 — P2 — C40 


101.3 (2) 


XTC "m z"' /I 

N5 — P2 — C46 


1 AC yl /''^\ 

105.4 (2) 


C4U — VL — C4o 


99.1 (2) 


Rul — ^F2 — C40 


1 '^A on yi ^\ 

120.86 (16) 


F4 — P4 — F6 


OA T C /I A\ 

89.75 (19) 


T7C r>yl TT^C 

r D — r4 — ro 


OA A / 1 A\ 

oy.60 (ly) 


"CI Tl/I "O 

r 1 — P4 — r 3 


yo.o (z) 


Fl — P4 — F4 


1 TA A /'^N 

179.0 (2) 


r 1 — 1^4 — 1^5 


AA 1 /OX 

90.3 (2) 


r?1 T\A "C/C 

r 1 — r4 — ro 


OA A ^'~^\ 

oy.y (z) 


T%A "CI 

r z — r4 — r 3 


yo.zo (lo) 


T7'^ n/1 

rl — F4 — r4 


OA "? /'^\ 

89.3 (2) 


T70 r>/1 "CC 

r z — r 4 — r j 


1 no A 

1 /o.O (2) 


T\A T^H 

rl — r4 — ro 


A A 1 o yi A\ 

90.18 (19) 


"C"? TkA A 

— r4 — r4 


OA o yi o\ 

89.83 (18) 


F3 — P4 — F5 


OA AC /I 0\ 

89.95 (18) 


r 3 — r4 — r 0 


1 TA /I /'^\ 

179.4 (z) 


"C^ T\A T^C 

r4 — r4 — r5 


oo O /'^X 

88.8 (2) 


m T)/t T70 

r 1 — r4 — rz 


91.6 (Z) 


T) , , 1 XT 1 1 O 

Rul — N 1 — CI 3 


112.7 (4) 


r) , , 1 XT 1 1 T 

Rul — Nl — C17 


126.3 (3) 


C13 — Nl — L17 


1 1 o n y/i \ 

118.7 (4) 


T") , , 1 XT-^ 1 O 

Rul — Nz — Clz 


1 1 C A /"?\ 

115.0 (3) 


D , . 1 XT-^ f~^0 

Rul — N2 — C-6 


127.2 (4) 


Co — N2 — C12 


1 1 T o yc\ 

117.8 (5) 


Clo — N3 — C2z 


1 1 o /I ycN 
1 is. 4 (5) 


Rul— N3— C18 


126.2 (4) 


Rul— N3— C22 


113.4(4) 


C23— N4— C27 


117.3(4) 


Rul— N4— C23 


115.7(3) 


Rul— N4— C27 


127.0 (3) 



/- I A /- /-I ^ 1 /- I ^ y\ 

C46 — C5 1 — C50 


121.2 (5) 


/"^O TT'^ A 

C3 — C2 — tVlA 


110.00 


XTC /"I*** yy^ A 

N5 — C2 — ^H2A 


1 1 A AA 

110.00 


H2A — C2 — tila 


1 AO AA 

108.00 


XTC f~^"t TTTr> 

N 5 — C2 — H2B 


1 1 A AA 

110.00 


C3 — C2 — tila 


110.00 


C2 — C3 — ^H3B 


1 1 A AA 

110.00 


/^'l /^O TTO A 

C2 — C3 — H3A 


110.00 


C4 — L3 — H3B 


1 1 A AA 

110.00 


C4 — C3 — H3A 


110.00 


H3A — C3 — ^H3B 


1 AO AA 

108.00 


XT'? A TT/1T) 

N 7 — L4 — H4b 


1 AA AA 

109.00 


C3 — C4 — H4A 


1 AA AA 

109.00 


C3 — C4 — H4B 
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2.1 (7) 


Pz — 


1 XTyl 

-Rul — N4 — Cz/ 


16.Z (4) 


OI'? XT 1 

C15 — C16 — CI / — Nl 


-1.2 (7) 


Nl— 


TJ 1 XT/1 — 7 

-Rul — N4 — C27 


113.9 (4) 


N3 — CI 8 — C19 — C20 


-0.6 (9) 


N3— 


TJ 1 XT/1 /" ■ -\ -7 

-Rul — ^N4 — C27 


1 /"A /I / /I \ 

-169.4 (4) 


C 1 8 — C 1 9 — C20 — C2 1 


0.4 (8) 




— rl — C28 — C33 


64.6 (5) 


0 1 O'^A OH 0'>'> 

C19 — C20 — C21 — C22 


A C /A\ 

—0.6 (9) 


C34^ 


— rl — No — CI 


162.1 (4) 


OOA O'*)! 0'>0 0'>'3 

C2U — Cz 1 — C2z — C23 


— 1 /y.Z (DJ 


Rul- 


TJ 1 XT/' /"''T 

— PI — No — C7 


1 1 A C / /I \ 

129.5 (4) 


C20 — C2 1 — C22 — N3 


1 1 /ON 

1.1 (8) 


C28- 


TJ 1 XT/" 

— PI — No — C7 


1 A /I T / /I \ 

-104.7 (4) 


C2 1 — C22 — C23 — C24 


-9.5 (9) 


L34- 


TJ1 XT^ 

— PI — No — C7 


-1.4 (5) 


N 3 — C22 — C23 — Cz4 


1 '?A /C\ 

170.2 (5) 


No— 


-PI — C34 — C39 


—75.5 (5) 


Czl — Czz — Cz3 — N4 


1 '7 /I /I /C\ 

174.4 (5) 


Rul- 


— PI— N6— CI 


£in A / /I \ 

—67.0 (4) 


XT'? /^OO /^T) XT/I 

N3 — Czz — Cz3 — N4 


C 0 /'7\ 

-5.8 (7) 


C28- 


— PI— N6— CI 


CO 0 i c\ 

58.8 (5) 


XT/1 /I /^'JC 

N4 — C23 — Cz4 — Cz5 


A C /AX 

0.5 (9) 


Rul- 


— PI— C28— C29 


109.9 (5) 


C2z — C23 — C24 — Cz5 


1 TC '> /^\ 

—175.3 (6) 


N6- 


-PI— C28— C29 


1 /I 0 

— 14.8 (6) 


Cz3 — Cz4 — Cz5 — Cz6 


2.4 (9) 


Rul- 


— PI— C34— C35 


OA 'J 

-20.2 (6) 


Cz4 — C25 — Cz6 — C27 


T C /A\ 

-3.5 (9) 


N6— PI— C28— C33 


1 /TO ^7 / /1\ 

168.7 (4) 


/-l'*JC /-I'^/T /— I'^'T XT/I 

C25 — C26 — C27 — ^N4 


1 '7 /0\ 

1.7 (8) 


Rul- 


— PI— C28— C33 


-66.6 (5) 


PI— C28— C29— C30 


-173.8(5) 


C28- 


— PI— C34— C39 


33.0(5) 


PI— C28— C33— C32 


173.6 (5) 


C34- 


— PI— C28— C29 






—3 2 r9^ 


C28- 


— PI— C34— C35 


-146.7 (5) 


C33— C28— C29— C30 


2.6(9) 


N6- 


-PI— C34— C35 


104.9 (5) 


C28— C29— C30— C31 


-0.6 (9) 


Rul- 


— PI— C34— C39 


159.4 (4) 


C29— C30— C31— C32 


-0.8 (10) 
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C40- 


no XTC 

— VI — N5 — CI 


1 /TO 1 / A\ 

162.1 (4) 


C30 — Li 1 — C3z — C33 


A O / 1 A\ 

0.2 (10) 


C46- 


— P2 — N5 — CI 


59.2 (5) 


C3 1 — C32 — C33 — C28 


1 O /A\ 

1.8 (9) 


Rul- 


no XTC /~<o 

— P2 — N5 — C2 


134.4 (4J 


C39 — C34 — C35 — C36 


A O /A\ 

-0.2 (9) 


Rul- 


— P2 — N5 — CI 


O / A\ 

—66.8 (4) 


PI — C34 — C35 — C36 


1 TA C /C\ 

179.5 (5) 


N5— 


-P2 — C4U — C4 1 


103.4 (4) 


C35 — C34 — C39 — C38 


1 T /A\ 

-1.7(9) 


N5- 


-P2— C46— C47 


-12.1 (5) 


PI — C34 — C39 — C38 


178.7 (5) 


C40- 


-P2— N5— C2 


3.2 (5) 


C34 — C35 — C36 — C37 


O '> /'A\ 

2.3 (9) 


Rul- 


-P2— C40— C41 


— zi.z (5) 


C35 — C36 — C37 — C38 


O C / 1 A\ 

—2.5 (10) 


C46- 


-P2— N5— C2 


—99.7 (4) 


C36 — C37 — C38 — C39 


A n /A\ 

0.7 (9) 


C40- 


-P2— C46— C47 


—116.6 (5) 


C37 — C38 — C39 — C34 


1 A /(W 

1.4 (9) 


C46— P2— C40— C41 


1 AO O 

—148.8 (4) 


P2 — C4(J — C4 1 — C42 


177.8 (4) 


C46- 


-P2— C40— C45 


28.6 (4) 


/"'yll An /— 'ylC A A 

C4 1 — C4U — C45 — C44 


-0.5 (8) 


C40- 


-P2— C46— C51 


63.6 (4) 


C45 — C4l) — C4 1 — C42 


A A /n\ 

0.4 (7) 


Rul- 


-P2— C46— C51 


—66.4 (4) 


VI — C4(J — C45 — C44 


—178.0 (4) 


Rul- 


-P2— C46— C47 


113.4 (4) 


C40 — C4 1 — C42 — C43 


-0.8 (8) 


N5- 


-P2— C40— C45 


-79.3 (4) 


C41 — C4z — C43 — C44 


1.3 (8) 


N5- 


-P2— C46— C51 


1 ZTO 1 //I \ 

168.1 (4) 


/^/lO /"^/l"? /^,1C 

C4z — C43 — C44 — C45 


1 "7 /A\ 

-1.3 (9) 


Rul- 


-P2— C40— C45 


154.2 (3) 


C43 — C44 — C45 — C40 


1 A /A\ 

1.0 (9) 


Rul- 


-Nl— C13— C12 


18.6 (5) 


P2 — C46 — C47 — C48 


-179.7 (4) 


C13- 


-Nl— C17— C16 


-1.9 (7) 


C5 1 — C46 — C47 — C48 


0.2 (7) 


Rul- 


-Nl— C17— C16 


1 59 7 C4^ 


po CA(\ C 5 1 C 5 n 


i / o . O \^ ) 


Rul- 


-Nl— C13— C14 


-159.8 (4) 


C47— C46— C51— C50 


-1.1 (8) 


C17- 


-Nl— C13— C14 


4.2 (7) 


C46— C47— C48— C49 


0.7 (8) 


C17- 


-Nl— C13— C12 


-177.5 (4) 


C47— C48— C49— C50 


-0.7 (8) 


C8- 


-N2— C12— Cll 


-2.5 (8) 


C48— C49— C50— C51 


-0.2 (8) 


C8- 


-N2— C12— C13 


172.3 (5) 


C49— C50— C51— C46 


1.1 (8) 



Hydrogen-bond geometry (A, °) 



D—n-A 


Z)— H 




D-A 


D—H-A 


Ol— HU -Brl' 


0.99 (5) 


2.31 (5) 


3.300 (5) 


173 (3) 


01— HlS-Brl" 


1.00(4) 


2.35 (4) 


3.345 (5) 


178 (6) 


C4— H4^"Br2'" 


0.99 


2.90 


3.651 (5) 


133 


C6— H6^-CI7 


0.99 


2.82 


3.738 (8) 


155 


C6— H6fi-01'" 


0.99 


2.52 


3.358 (8) 


142 


C9— H9"0r 


0.95 


2.40 


3.208 (8) 


142 


CIO— H10-C13" 


0.95 


2.72 


3.316(8) 


122 


ClOO— HlO^-Brl™ 


0.99 


2.92 


3.618 (11) 


128 


C106— HIOC- -CU 


0.99 


2.65 


3.54 (2) 


150 


C106— HlOD-01" 


0.99 


2.51 


3.464 (16) 


162 


Cll— H11-F3™ 


0.95 


2.35 


3.209 (7) 


150 


C17— H17-F5'" 


0.95 


2.25 


3.056 (6) 


142 


C21— H21- -Brl™ 


0.95 


2.91 


3.787 (5) 


154 


C24— H24"Brl™ 


0.95 


2.91 


3.835 (5) 


164 


C25— H25-F4" 


0.95 


2.54 


3.453 (6) 


160 


C31— H31- -CB" 


0.95 


2.76 


3.566 (7) 


143 


C42— H42-F3'" 


0.95 


2.41 


3.319(7) 


160 



Symmetry codes: (i) -x+3/2, y+lll, -z+1/2; (ii) x+1/2, -y+1/2, z-1/2; (iii) -x+1/2, y-\l2, -z+3/2; (iv) -rf 1, ->H-1, -z+1; (v) xr-\,y, z+1; (vi) -x, ->H-1, 
-z+2; (vii)x-l/2, -yfl/2, z+1/2; (viii)x,>',z+l; (ix)x+l/2, ->'+l/2, z+1/2; (x) -x+\, -y+\, -z+2. 



Acta Cryst. (2013). E69, m640-m641 



sup-14 



